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INTRODUCTION
Obesity is an established risk factor for hypertension (HTN) and prehypertension (Pre-HTN) (1) (2) (3) (4) (5) in both men and women and in diverse racial/ethnic group. Both body mass index (BMI) and abdominal obesity are important predictors of HTN and Pre-HTN (1) (2) (3) (4) (5) . Several studies have reported that, compared with total body fat, abdominal obesity is more closely related to blood pressure (BP), or HTN (6) (7) (8) (9) (10) . Furthermore, although patterns of obesity, abdominal obesity (11) (12) (13) , HTN (14, 15) , and Pre-HTN (5) differ between men and women, it is still unclear whether there is a gender difference in the association of obesity and abdominal obesity with Pre-HTN and HTN. Only a few studies have examined the gender differences in the association of obesity with BP (14, (16) (17) (18) ; one study showed the WC in men and BMI in women appeared to be increased the risk of HTN (16) , whereas other reported even an inverse relation (17) or a different association for men and women (14) .
Given the conflicting results in previous studies, we used a large nationwide cross-sectional study to determine the gender differences in relationship of BMI and abdominal obesity with Pre-HTN and HTN among adults aged 15 to 65 years in Iran. (19) . STEPS uses different levels of risk factor assessment, including collecting information using questionnaires (Step 1), taking physical measurements (Step 2), and taking blood samples for biochemical assessment (Step 3). Detailed information of this study population has been reported elsewhere (5, 11) .
SUBJECTS AND METHODS
Data
Subjects:
A stratified, multistage probability cluster sample, with a probability in proportion to size procedure, was used to obtain a nationally representative sample of the population. The frame for the selection of the sampling units was based on the Iranian national zip code databank. The postal addresses of the starting points for the survey in each cluster were determined centrally, using Iranian national zip code databank. A counterclockwise movement from this point was used to ensure a representative sample of households. A total of 45 082 men and 44 322 women aged 15-65, free from any physical handicaps, were weighed, and their height, waist circumference (WC) and BP (systolic and diastolic) were measured. In total of 89 404 participants in the study, 1920 (2.1%) participants have missing data on education, 1821 (2.0%) on marital status, 2414 (2.7%) on physical activity, 3336 (3.7%) on systolic or diastolic BP, and 2342 (2.6%) on weight or height. These individuals excluded from subgroup analyses. The subjects had a mean age of 39.0 years. All of the women were post-menarche. Women who reported they were pregnant at the time of the survey, homeless people and subjects living in institutions or in the armed forces were excluded from the analysis.
Data collection: Subjects were contacted to schedule an interview in their home at their convenience. Trained staff members of local medical universities/schools served as interviewers in pairs, and a trained supervisor monitored the process in each district. Before the data collection began, the interviewers thoroughly explained to subjects the purpose and procedure of the study and sought their consent. Interviews, anthropometric and BP measurements were performed at the subjects' home with standard techniques and equipment (20), and subjects 25-64 years were then invited to a referral laboratory for blood testing and 25 511 men and 27 574 women provided blood sample.
BP was measured with a standard mercury sphygmomanometer and a cuff of suitable size to the subject's arm circumference after an adequate rest period of at least 15 min. Korotkoff phase I and V were used for systolic and diastolic BP, respectively. Three measurements were taken for each subject with a 30-second interval between measurements in the sitting position, and mean values were calculated.
Height and weight were measured with subjects in light clothes and without shoes using standard apparatus. Weight was measured to the nearest 0.1 kg on a calibrated beam scale. Height and WC were measured to the nearest 0.5 cm with a measuring tape. To measure height, a measuring tape was fixed to the wall and the subject stood with heels, buttocks, shoulders, and occiput touching the vertical tape. The head was held erect with the external auditory meatus and the lower border of the orbit in one horizontal plane.
Waist was measured midway between the lower rib margin and the iliac-crest at the end of a gentle expiration in a standing position.
Overnight fasting blood samples were taken, and plasma was separated and analyzed on the same day. Total cholesterol and fasting blood glucose were assessed by standardized procedures. In addition to measurements, all participants completed a set of interviewer-administered questionnaires on were two tailed and performed at α<0.05. Pre-HTN and HTN was slightly stronger than WC, whereas the pattern was similar to when weight categories and abdominal obesity were considered separately (data not shown). Whereas, BMI was more important than WC among women (16) . In contrast, in a cross-sectional study, WC in men and BMI in women had the strongest association with BP (17). In another cross-sectional study, however, normal and obese women had similar diastolic BP, as opposed to obese men, who had raised diastolic BP (14) . An animal experiment after 10 weeks of cafeteria diet found male and female rats had the same increase in fat pad weight and in plasma leptin levels. However, in contrast to male, female had normal BP (18).
RESULTS
Distributions
Our results are in accordance with 25 randomized-controlled trials
showing that increased body weight is a strong risk factor for hypertension (24) . The BP and prevalence of Pre-HTN was higher in men, and support the finding that men have a higher BP than women. Consistent with other studies (14, 15) , prevalence of HTN was more common in men before 45 years. After menopause, however, the prevalence of HTN in women tends to be higher than men. Higher BP in men may be related to high testosterone levels, whereas lower BP in women may be related to low estrogen levels (25) . In addition, the plasma rennin activity in women is lower than in men regardless of age, menopause state and ethnicity. This contributes to differences in the concentrations of angiotensin II and aldostrone and in sodium reabsorption in the distal nephron.
The mechanisms whereby obesity in general and abdominal obesity in particular exerts negative effects on HTN and Pre-HTN are not entirely clear.
As the prevalence of the cardiovascular complications is much higher in obese men than obese women, sex hormones are likely involved in the relative protection against cardiovascular disease in women before menopause (26) . It has also postulated that tissue concentration or blood elevation of free fatty acids, caused by the accumulation of visceral fat in the abdomen, could be responsible. Thus, elevated free fatty acids, not only increase vasoconstriction by increasing vascular sensitivity to a-adrenergic stimuli, but also blunt the reflex vasorelaxation by inhibiting nitric oxide production (27) . Both these effects lead to HTN. Other mechanisms, like sympathetic nervous system over-activation, excess secretion of angiotensinogen and renal sodium retention secondary to hyperinsulinemia may also be involved in obesityrelated HTN (27, 28) . Furthermore, the α 2 -adrenergic receptors stimulation in the kidney has been shown to increase urine flow rate, osmolar clearance, free water clearance, and sodium excretion (29) (30) (31) ) and responses to a α 2 -adrenergic receptors agonist differ according to gender (32). 
